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Abstract
Background: Stress ulcer prophylaxis is considered standard of care in many critically ill patients in the intensive
care unit (ICU). However, the quality of evidence supporting this has recently been questioned, and clinical
equipoise exists. Whether there is overall benefit or harm of stress ulcer prophylaxis in adult hospitalised acutely ill
patients is unknown. Accordingly, we aim to assess patient-important benefits and harms of stress ulcer prophylaxis
versus placebo or no treatment in adult hospitalised acutely ill patients with high risk of gastrointestinal bleeding
irrespective of hospital setting.
Methods/design: We will conduct a systematic review of randomised clinical trials with meta-analysis and trial
sequential analysis and assess use of proton pump inhibitors (PPIs) or histamine-2-receptor antagonists (H2RAs) in
any dose, formulation and duration. We will accept placebo or no prophylaxis as control interventions. The
participants will be adult hospitalised acutely ill patients with high risk of gastrointestinal bleeding.
We will systematically search the Cochrane Library, MEDLINE, EMBASE, Science Citation Index, BIOSIS and Epistemonikos
for relevant literature. We will follow the recommendations by the Cochrane Collaboration and the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA) statement. The risk of systematic errors (bias) and random
errors will be assessed, and the overall quality of evidence will be evaluated using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) approach.
Discussion: There is a need for a high-quality systematic review to summarise the benefits and harms of stress ulcer
prophylaxis in hospitalised patients to inform practice and future research. Although stress ulcer prophylaxis is used
worldwide, no firm evidence for benefit or harm as compared to placebo or no treatments has been established.
Critical illness is a continuum not limited to the ICU setting, which is why it is important to assess the benefits and
harms of stress ulcer prophylaxis in a wider perspective than exclusively in ICU patients.
Systematic review registration: PROSPERO CRD42017055676
Keywords: Acid suppressants, Gastrointestinal bleeding, Risk factors, Side effects, Stress ulcer prophylaxis, Proton pump
inhibitors, Histamine-2-receptor antagonists
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Background
Description of the condition

Critically ill patients are at risk of stress-related mucosal
damage [1]. After 3 days of stay in the intensive care
unit (ICU), the majority of patients have developed
endoscopically evident signs of gastrointestinal ulcerations [2, 3]. These stress ulcerations are typically superficial and asymptomatic, but 1 in 20 will progress and
erode larger vessels resulting in overt gastrointestinal
bleeding [4, 5]. Gastrointestinal bleeding is a potentially
life-threatening condition with a mortality of up to 50%
among frail patients [6]. However, the reported prevalence of gastrointestinal bleeding varies between 2 and
5% possibly because of heterogeneous populations, varying definitions and difficulties in diagnosing stress ulcers
[5, 7–10]. Importantly, the reported estimates often include all conditions resulting in gastrointestinal bleeding
and not exclusively stress ulcers and other bleedings prevented by acid suppressants. In a cohort study by Cook
et al. [11], stress ulceration was identified as the sole
source of gastrointestinal bleeding by endoscopy in less
than 50% of the patients, suggesting that other causes of
gastrointestinal bleeding, not prevented by stress ulcer
prophylaxis, are frequent. This highlights the need for
placebo-controlled trials to ensure assessment of stress
ulcer-induced bleedings only.
Several studies have sought to identify risk factors for
developing gastrointestinal bleeding in critically ill
patients. A 1994 landmark study highlighted mechanical
ventilation (for >48 h) and coagulopathy as major risk
factors for gastrointestinal bleeding [6]. Later studies,
however, have not consistently been able to reproduce
the association with mechanical ventilation [5, 8].
Recently, acute kidney injury, hepatic failure and acute
and chronic disease severity have also been suggested as
important risk factors [5, 8, 12].
Description of the intervention

In order to prevent the potential progression from
stress-related mucosal damage to gastrointestinal bleeding, stress ulcer prophylaxis was introduced more than
40 years ago [13]. Initially, antacids and later sucralfate
were the preferred agents. The introduction of
histamine-2-receptor antagonists (H2RAs) made intravenous administration possible. A randomised clinical
trial (RCT) from 1998 by Cook et al. reported a lower
incidence of gastrointestinal bleeding in patients receiving H2RA compared with sucralfate [14]. Proton pump
inhibitors (PPIs) were introduced later on, and today,
the majority of prescribed stress ulcer prophylaxis is
H2RAs or PPIs [5, 15].
International guidelines recommend the use of stress
ulcer prophylaxis with PPI or H2RA as standard of care
in high-risk ICU patients [16]. However, the rationale
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and level of evidence of stress ulcer prophylaxis in ICU
patients has been questioned because of limited data,
methodological flaws in some trials, potential increased
rates of hospital-acquired pneumonia, Clostridium difficile enteritis and myocardial ischemia following the use
of stress ulcer prophylaxis, and general improvements in
intensive care [1, 17–19].
How the intervention might work

It has been hypothesised that stress ulcerations are
caused by decreased mucosal blood flow, ischemia and
reperfusion injury and hence are less related to acid
secretion than peptic ulcerations [20]. However, the
pathophysiology behind stress ulcerations has not been
fully elucidated.
H2RAs inhibit the stimulation of the H+-K+-adenosine triphosphatase (ATPase) by binding to the H2receptor on the parietal cells [21]. This results in
diminished gastric acid secretion. H2RAs can be
administered enterally or intravenously, and continuous intravenous infusion seems to be more effective
than bolus injections at controlling gastric pH [22].
PPIs are among the most frequently prescribed drugs
in the world [21]. They inhibit secretion of gastric
acid by forming irreversible disulfide bonds with the
H+-K+-ATPase pump. This leads to inhibition of the
secretion of gastric acid. PPIs can be administered enterally or intravenously, and the irreversible bond provides a stronger and more prolonged reduction of
acid secretion compared to H2RAs [21].
Why it is important to do this review

The effects of PPIs and H2RAs have been compared in
several RCTs and meta-analyses [17, 23–26], with the
latest indicating that PPIs results in better protection
against both clinically important and overt gastrointestinal bleeding compared with H2RAs [26]. However, as
neither PPIs nor H2RAs have been found superior to
placebo, this might be of questionable clinical relevance.
In the most recent systematic review of stress ulcer
prophylaxis (PPI or H2RA) versus placebo or no prophylaxis in general ICU patients (20 trials), it was concluded
that the quantity and quality of evidence supporting the
use of stress ulcer prophylaxis is low with no firm
evidence for benefit or harm [27].
Additional trials have [28–30] and may have been published, and it is necessary to include these trial estimates
in a meta-analysis to provide an up-to-date assessment
on patient-important benefits and harms. Existing evidence on benefits and harms of stress ulcer prophylaxis
mainly derives from trials conducted in the ICU [27].
Critical illness is a continuum not limited to the ICU
setting, which is why it is important to assess the benefits and harms of stress ulcer prophylaxis in acutely ill
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patients with high risk of gastrointestinal bleeding not
limited to the ICU setting. Inclusion of non-ICU highrisk patients may also add to the questioned role of
mechanical ventilation as a trigger of stress ulcers. Despite the clinical equipoise, common beliefs and practices
across various medical specialties are that certain subpopulations of acutely ill patients benefit from stress
ulcer prophylaxis [31].
The use of stress ulcer prophylaxis is a clinical dilemma. It remains unresolved whether acid suppressants
prevent stress-related gastrointestinal bleeding in acutely
ill patients. The prevalence of gastrointestinal bleeding is
low, and the balance between benefits and harms of
stress ulcer prophylaxis is unknown. Whether there is
overall benefit or harm of stress ulcer prophylaxis is ambiguous, and to ensure patient safety, there is a need for
large, high-quality RCTs of stress ulcer prophylaxis
versus placebo and well-designed systematic reviews.

Objectives
We aim to assess patient-important benefits and harms
of stress ulcer prophylaxis versus placebo or no prophylaxis in adult hospitalised acutely ill patients with high
risk of gastrointestinal bleeding irrespective of hospital
setting.
Research question: does stress ulcer prophylaxis improve patient-important outcomes in adult hospitalised
acutely ill patients with high risk of gastrointestinal
bleeding as compared with placebo or no prophylaxis?
Methods
Study design

We will conduct a systematic review of RCTs with metaanalysis and trial sequential analysis (TSA) and follow
the recommendations by the Cochrane Collaboration
[32] and the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) statement [33].
Study registration

This protocol has been prepared according to the
Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) guidelines [34]
(checklist included as Additional file 1), and the review
has been registered in the International Prospective
Register of Systematic Reviews (PROSPERO) (https://
www.crd.york.ac.uk/prospero/;
registration
number
CRD42017055676).
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Types of participants

Adult hospitalised acutely ill patients (as defined by the
included trials) with high risk of gastrointestinal bleeding
including (but not limited to) medical and surgical ICU
patients, patients in intermediate care units, patients in
coronary care facilities, neurosurgical patients (head and
spine), cardiothoracic surgical patients, organ transplanted patients, major abdominal/vascular/orthopaedic
(pelvis and hip) surgery, burn injured patients (incl. thermal injury), patients with active malignant haematological illness, patients with acute kidney injury, patients
with acute hepatic failure, patients receiving high dose
steroids (at least 0.3 mg/kg/day of prednisolone
equivalent) and patients with sepsis.
Trials including children (as defined by the original
trials) will be excluded unless data can be separately
extracted for adults only.
Types of interventions
 Experimental intervention: any type of PPI

(omeprazole, lansoprazole, dexlansoprazole,
esomeprazole, pantoprazole and rabeprazole) or H2RA
(nizatidine, famotidine, cimetidine and ranitidine) in
any dose, formulation, timing and duration
 Control intervention: placebo or no prophylaxis
Types of outcome measures
Primary outcomes
 All-cause mortality
 Proportion of participants with one or more serious

adverse event (SAE), defined as any untoward
medical occurrence that resulted in death, was lifethreatening or prolonged existing hospitalisation,
resulted in persistent or significant disability or any
important medical event, which may have
jeopardised the patient [35]
 Proportion of participants with ‘clinically important
gastrointestinal bleeding’ as defined in the included
trials (not including ‘overt GI bleeding’)
Secondary outcomes
 Proportion of participants with C. difficile enteritis

(yes/no), as defined in the included trials
 Proportion of participants with myocardial

Criteria for considering studies for this review
Types of studies

RCTs will be included regardless of publication source,
status and language. Quasi-randomised trials and crossover trials will be excluded.

infarction (yes/no), as defined in the included trials
 Proportion of participants with hospital-acquired

pneumonia (yes/no), as defined in the included trials
 Quality-of-life (any continuous scale used in the

included trials)
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Assessment time points All outcomes will primarily be
assessed at the time point closest to 90 days. Secondly,
we will assess all outcomes at the maximum time of
follow-up.
Search methods for identification of studies
Electronic searches

We will search the following electronic databases:







Cochrane Library
MEDLINE
EMBASE
Epistemonikos
Science Citation Index
BIOSIS

We will additionally search databases of ongoing trials
including Clinical-Trials.gov (http://clinicaltrials.gov/),
metaRegister of Controlled Trials (http://www.isrctn.com/
page/mrct), the EU Clinical Trials register (https://
www.clinicaltrialsregister.eu/) and the World Health
Organization (WHO) International Clinical Trials
Registry Platform Search Portal (http://apps.who.int/
trialsearch/).
The tentative Medline search strategy is available in
Additional file 2. To continuously identify newly
published studies, we will apply PubMed’s ‘My NCBI’
(National Center for Biotechnology Information) email
alert service. Before we submit the final review draft to
an international peer-reviewed journal, we will perform
an updated search on all specified databases. If we identify new trials, these will be assessed and if relevant
incorporated in our review before submission of the final
review draft. If we detect additional relevant keywords
during any of the electronic or other searches, we will
modify the electronic search strategies to incorporate
these terms and document the changes.
Searching other resources

We will hand-search the reference list of relevant trials
and other systematic reviews and meta-analyses on
stress ulcer prophylaxis in adult hospitalised acutely ill
patients.
Unpublished trials will be sought identified. Authors
will be contacted for additional data if relevant.
Data collection and analysis
Selection of studies

Two review authors (SM, AG or CTA) will independently screen the abstract, title or both, of every record
retrieved, to determine which trials should be assessed
further. We will assess all potentially relevant articles as
full text. We will resolve any discrepancies through consensus or recourse to a third review author (MHM). If
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resolving disagreement is not possible, the article will be
added to those ‘awaiting assessment’ and we will contact
study authors for clarification. We will present an
adapted PRISMA flowchart of study selection [33]; see
Additional file 3.
Data extraction and management

Two review authors (SM, AG or CTA) will independently extract information from each included trial using
a predefined data extraction form. The extracted information will include trial characteristics (year of publication, duration, country), characteristics of the trial
participants (inclusion criteria and exclusion criteria),
type of intervention/control (name, dosing, duration
and route of administration), type of control (name,
dosing, duration and route of administration),
outcomes and risk of bias.
In the event of duplicate publications, companion
documents or multiple reports of a primary study, we
will maximise yield of information by comparing all
available data and use the most complete dataset aggregated across all known publications. In case of
doubt, the publication reporting the longest follow-up
associated with our primary or secondary outcomes
will be given priority.
Assessment of risk of bias in included studies

We will assess the risk of systematic errors (bias) of
the included trials according to the Cochrane Handbook [32]. The assessment will be performed independently by two authors (SM, AG or CA).
Disagreements will be resolved by consensus upon
consultation with a third author (MHM).
The following domains will be assessed: (1) random
sequence generation, (2) allocation concealment, (3)
blinding of participants and personnel, (4) blinding of
outcome assessment, (5) incomplete outcome data, (6)
selective reporting and (7) other bias, including baseline imbalance, early stopping and bias due to vested
financial interest or academic bias. If one or more domains are judged as being high or unclear, we will
classify the trial as having overall high risk of bias
[32]. We will assess the domains ‘blinding of outcome
assessment’, ‘incomplete outcome data’ and ‘selective
outcome reporting’ for each outcome. Thus, we will
be able to assess the bias risk for each result in
addition to each trial.
We will base our primary conclusions as well as
our presentation in the ‘Summary of findings table’
section on the results of our primary outcomes with
low risk of bias.
The risk of bias will be depicted in a ‘risk of bias
summary’ figure, reviewing the authors judgements
(according to the Cochrane handbook [32]) about
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each included risk of bias item for each included
study (red: high risk, green: low risk, yellow: unclear).
Measures of treatment effect

We will calculate relative risks (RRs) with 95% confidence intervals (CIs) and mean differences (MDs) with
95% CIs for dichotomous outcomes and continuous
outcomes, respectively.
Dealing with missing data

The relevant authors will be sought contacted for missing outcome data. Sensitivity analysis using imputations
of missing outcome data of dichotomous outcomes in
best-worse and worse-best case scenarios will be
performed assuming:
1) All patients lost to outcome assessment (follow-up)
in the intervention group did not experience the
outcome of interest, while all patients lost to
outcome assessment (follow-up) in the control
group did experience the outcome of interest.
2) All patients lost to outcome assessment (follow-up)
in the intervention group did experience the
outcome of interest, while all patients lost to
outcome assessment (follow-up) in the control
group did not experience the outcome of interest.
When analysing continuous outcomes with missing
data, we will use imputations of missing outcome data
in best-worse and worse-best case scenarios [36]
assuming:
1) All patients lost to outcome assessment (follow-up)
in the intervention group have an outcome being
the group mean plus two standard deviations (SDs)
of the group mean, and all patients lost to outcome
assessment (follow-up) in the control group will be
the group mean minus two SDs.
2) All patients lost to outcome assessment (follow-up)
in the intervention group have an outcome being
the group mean minus two SDs of the group mean,
and all patients lost to outcome assessment (followup) in the control group will be the group mean
plus two SDs.

Page 5 of 8

both random-effects model and fixed-effect model if Isquared >0. We will report the most conservative estimate if the intervention effects differ in the two models
and the broadest confidence interval if they concur [36].
Assessment of reporting bias

We will use a funnel plot to assess reporting bias if ten
or more trials are included. For dichotomous outcomes,
we will test asymmetry with the Harbord test [37]. For
continuous outcomes, we will use the regression asymmetry test [38] and the adjusted rank correlation [39].
Data synthesis

We will use Review Manager Software (RevMan 5.3) as
statistical software.
We will calculate summary estimates (conventional
meta-analyses) as outlined above. We will use and report
results based on the analysis of intention-to-treat populations if available.
Trial sequential analysis

We will conduct TSA in order to assess the risk of random errors [40–42]. Cumulative meta-analyses are at
risk of producing random errors due to sparse data and
multiple testing of accumulating data [32, 43–50]. TSA
allows to estimate the required information size (the
number of participants) needed to detect or reject an a
priori pre-specified realistic intervention effect in a
meta-analysis and the TSA-adjusted CIs [51, 52]. The required information size will take into account the event
proportion in the control group, the assumption of a
plausible RR reduction and the heterogeneity variance of
the meta-analysis [52, 53]. We will use conservative estimations of the anticipated intervention effect estimates
to reduce the risk of random error [36]. In brief, as we
have three co-primary outcomes and four secondary
outcomes, we will consider a P < 0.025 and P < 0.020 as
statistically significant, respectively [35].
We will apply trial sequential monitoring boundaries according to an a priori 15% relative risk difference (reduction or increase), with a family-wise error
rate (FWER) equal to an alfa of 5%, beta 90% and a
control event proportion suggested by all the trials
reporting the outcome in question. TSA-adjusted CIs
will be provided [42].

Assessment of heterogeneity

Based on a previous systematic review and meta-analysis
where statistical and clinical heterogeneity was limited,
we plan to report pooled effect estimates [27]. We will
primarily inspect forest plot for signs of statistical
heterogeneity. We will secondly use D-squared and Isquared statistics to describe heterogeneity among the
included trials. We will use and report a fixed-effect
model if I-squared = 0 and use and report the results of

Subgroup analysis and investigation of heterogeneity

We will use Chi-squared test to provide an indication of
heterogeneity between trials, with P = 0.10 considered
significant.
We plan to conduct the following subgroup analyses:
1. Comparing estimates of the pooled intervention
effect in trials with overall low risk of bias vs. overall
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2.

3.

4.

5.

high risk of bias. Hypothesised direction of sub-group
effect: increased beneficial intervention effect in the
trials with overall high risk of bias
Comparing estimates of the pooled intervention
effect in trials using PPI vs. H2RA. Hypothesised
direction of sub-group effect: increased beneficial
intervention effect in trials using PPI
Comparing estimates of the pooled intervention effect
in trials using placebo vs. no treatment. Hypothesised
direction of sub-group effect: increased beneficial
intervention effect in trials using no treatment
Comparing estimates of the pooled intervention
effect in the included subpopulations of adult
hospitalised acutely ill patients. Hypothesised
direction of sub-group effect: increased beneficial
intervention effect in some subpopulations
Comparing estimates of the pooled intervention effect
in ICU patients vs. non-ICU patients. Hypothesised
direction of sub-group effect: increased beneficial
intervention effect in ICU patients vs. non-ICU
patients

Sensitivity analysis

We will conduct sensitivity analysis by performing
empirical continuity adjustments in the zero event trials.
Summary of findings table

We will assess the overall quality of evidence for each
outcome measure according to the Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) approach [54]. In brief, we will downgrade the
quality of evidence (our confidence in the effectestimates) for an intervention for identified risks of bias,
inconsistency (unexplained heterogeneity), indirectness
(including other patient populations or use of surrogate
outcomes), imprecision (wide confidence interval around
the effect estimate) and publication bias. Accordingly,
the overall quality of evidence will be rated ‘high’, ‘moderate’, ‘low’ or ‘very low’.

Discussion
This systematic review will provide updated important
knowledge on use of stress ulcer prophylaxis in adult
hospitalised acutely ill patients irrespective of hospital
setting. We will include recently published RCTs and include and assess adult hospitalised acutely ill patients
with high risk of gastrointestinal bleeding both in- and
outside the context of the ICU.
New RCTs may have provided important new data on
the potential harm of stress ulcer prophylaxis, including
the risk of cardiovascular events, hospital-acquired
pneumonia and C. difficile infections, which is why an
updated systematic review is warranted.
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As critical illness is not restricted to ICU patients,
we believe a wider scope is mandated in order to
more accurately evaluate the attempted prevention of
gastrointestinal bleedings due to stress ulcers. In a
recent cohort study [5], the incidence of gastrointestinal bleedings peaked on the first 1–2 days of ICU
stay, suggesting that the risk of developing stress
ulcerations and gastrointestinal bleeding in acutely ill
patients is not limited to the ICU setting, but is a
continuum not defined by the clinical setting. Consequently, an assessment of benefits and harms of stress
ulcer prophylaxis in high-risk patients irrespective of
clinical setting is needed.
Using TSA to assess the risk of random errors will
increase the validity of the summary estimates calculated.
The risk of type I errors (a false positive finding) are increased when multiple testing is done, e.g. when analysing
multiple primary and secondary outcomes, during repeated testing of data, and, importantly, when metaanalyses are conducted and updated [46]. Also, the risk of
type II errors (a false negative finding) challenge the results of meta-analyses, due to sparse data. Statistically significant meta-analyses with few participants have low
reliability, and the interventional effect is often overrated
[45, 53]. Furthermore, TSA allows to estimate if the
required information size (sample size) has been reached
and if additional trials are needed [45, 46, 49, 50].
Finally, this systematic review may aid data monitoring
and safety committees when assessing results of interim
analyses of ongoing and upcoming trials on stress ulcer
prophylaxis in acutely ill patients (SUP-ICU [55],
REVISE [56], PEPTIC [57]). A modern data monitoring
and safety committee cannot allow themselves to conclude solely on the data provided from the interimanalysis within a specific single trial as evidence from
the ‘outside’ may influence the overall decision of
whether the trial shall continue or not. Therefore, to
properly summarise the evidence provided before and
during the trial, the data monitoring and safety committee must include the interim-part of the trial data in
meta-analyses of all the evidence provided so far using
e.g. TSA to reach realistic and firm results for the actual
achieved evidence.
Today, stress ulcer prophylaxis with PPI or H2RA is
recommended in international guidelines and regarded
as standard of care in adult ICU patients [16]. However,
the quantity and quality of evidence supporting use of
stress ulcer prophylaxis in ICU patients is low with no
firm evidence for benefit or harm, and clinical equipoise
exist [1, 17–20]. The outlined systematic review will provide important data on the benefits and harms of stress
ulcer prophylaxis in adult hospitalised acutely ill patients
with high risk of gastrointestinal bleeding in and outside
the context of the ICU.

Marker et al. Systematic Reviews (2017) 6:118

Additional files
Additional file 1: Checklist of PRISMA-P recommendations.
(DOCX 36 kb)
Additional file 2: Tentative search strategy for MEDLINE database.
(DOCX 21 kb)
Additional file 3: PRISMA flowchart of study selection.
(DOCX 39 kb)

Abbreviations
AKI: Acute kidney injury; ATPase: Adenosine Triphosphatase; CI: Confidence
interval; FWER: Family wise error rate; H2RA: Histamine-2-receptor antagonist;
ICU: Intensive care unit; MD: Mean difference; NCBI: National Center for
Biotechnology Information; PPI: Proton pump inhibitor; PRISMA-P: Preferred
Reporting Items for Systematic Review and Meta-Analysis Protocols;
PROSPERO: International Prospective Register of Systematic Reviews;
RCT: Randomised clinical trial; RR: Relative risk; SAE: Serious adverse event;
SD: Standard deviation; SUP-ICU: Stress Ulcer Prophylaxis in the Intensive
Care Unit; TSA: Trial sequential analysis; WHO: World Health Organization
Acknowledgements
Not applicable.
Funding
The primary author has received funding from the Ehrenreich foundation
and the Research Council at Copenhagen University Hospital Rigshospitalet.
The funding parties are not involved in the conduct of this review.
Availability of data and materials
This is not applicable. The manuscript does not contain any data.
Authors’ contributions
SM, JW, MB, JCJ, MK, AG, CTA and MHM contributed to the conception of
the study protocol and search strategy, which was refined by SM, MB, MHM
and AP. SM, MHM, JCJ and JW designed the statistical analysis plan. The
manuscript was drafted by SM and MHM and was critically revised by all
other authors. SM registered the protocol with the PROSPERO database. All
authors reviewed the manuscript. All authors have approved the publication
of the protocol in its current form.
Competing interests
The authors of this review are involved in the ongoing large international
placebo-controlled randomised clinical trial ‘Stress Ulcer Prophylaxis in the
Intensive Care Unit’ (SUP-ICU).
www.sup-icu.com
Consent for publication
This is not applicable. This manuscript does not contain any data from any
individual person.
Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Intensive Care, 4131, Copenhagen University Hospital
Rigshospitalet, Copenhagen, Denmark. 2Copenhagen Trial Unit, Centre for
Clinical Intervention Research, Copenhagen University Hospital
Rigshospitalet, Copenhagen, Denmark. 3Centre for Research in Intensive Care
(CRIC), Copenhagen, Denmark. 4Department of Cardiology, Holbaek Hospital,
Holbaek, Denmark.

Page 7 of 8

Received: 26 January 2017 Accepted: 1 June 2017

References
1. Marik PE, Vasu T, Hirani A, Pachinburavan M. Stress ulcer prophylaxis in the
new millennium: a systematic review and meta-analysis. Crit Care Med.
2010;38:2222–8.
2. Eddleston JM, Pearson RC, Holland J, Tooth JA, Vohra A, Doran BH.
Prospective endoscopic study of stress erosions and ulcers in critically ill
adult patients treated with either sucralfate or placebo. Crit Care Med. 1994;
22:1949–54.
3. Martin LF. Stress ulcers are common after aortic surgery: endoscopic
evaluation of prophylactic therapy. Am Surg. 1994;60:169–74.
4. Peura DA, Johnson LF. Cimetidine for prevention and treatment of
gastroduodenal mucosal lesions in patients in an intensive care unit. Ann
Intern Med. 1985;103:173–7.
5. Krag M, Perner A, Wetterslev J, Wise MP, Borthwick M, Bendel S, et al.
Prevalence and outcome of gastrointestinal bleeding and use of acid
suppressants in acutely ill adult intensive care patients. Intensive Care Med.
2015;41:833–45.
6. Cook DJ, Fuller HD, Guyatt GH, Marshall JC, Leasa D, Hall R, et al. Risk factors
for gastrointestinal bleeding in critically ill patients. Canadian Critical Care
Trials Group. N Engl J Med. 1994;330:377–81.
7. Cook DJ, Griffith LE, Walter SD, Guyatt GH, Meade MO, Heyland DK, et al. The
attributable mortality and length of intensive care unit stay of clinically important
gastrointestinal bleeding in critically ill patients. Crit Care. 2001;5:368–75.
8. MacLaren R, Reynolds PM, Allen RR. Histamine-2 receptor antagonists vs
proton pump inhibitors on gastrointestinal tract hemorrhage and infectious
complications in the intensive care unit. JAMA Intern Med. 2014;174:564–74.
9. Holst LB, Haase N, Wetterslev J, Wernerman J, Guttormsen AB, Karlsson S, et
al. Lower versus higher hemoglobin threshold for transfusion in septic
shock. N Engl J Med. 2014;371:1381–91.
10. Haase N, Wetterslev J, Winkel P, Perner A. Bleeding and risk of death with
hydroxyethyl starch in severe sepsis: post hoc analyses of a randomized
clinical trial. Intensive Care Med. 2013;39:2126–34.
11. Cook D, Heyland D, Griffith L, Cook R, Marshall J, Pagliarello J. Risk factors for
clinically important upper gastrointestinal bleeding in patients requiring
mechanical ventilation. Canadian Critical Care Trials Group. Crit Care Med.
1999;27:2812–7.
12. Barletta JF. Histamine-2-receptor antagonist administration and
gastrointestinal bleeding when used for stress ulcer prophylaxis in patients
with severe sepsis. Ann Pharmacother. 2014;48:1276–81.
13. McAlhany JCJ, Colmic L, Czaja AJ, Pruitt BAJ. Antacid control of
complications from acute gastroduodenal disease after burns. J Trauma.
1976;16:645–8.
14. Cook DD, Guyatt GG, Marshall JJ, Leasa DD, Fuller HH, Hall RR, et al. A
comparison of sucralfate and ranitidine for the prevention of upper
gastrointestinal bleeding in patients requiring mechanical ventilation.
Canadian Critical Care Trials Group. N Engl J Med. 1998;338:791–7.
15. Frandah W, Colmer-Hamood J, Nugent K, Raj R. Patterns of use of
prophylaxis for stress-related mucosal disease in patients admitted to the
intensive care unit. J Intensive Care Med. 2013;29:96–103.
16. Dellinger R, Levy M, Carlet J, Bion J, Parker M, Jaeschke R, et al. Surviving
Sepsis Campaign: international guidelines for management of severe sepsis
and septic shock: 2008. Intensive Care Med. 2008;34:17–60.
17. Alhazzani W, Alenezi F, Jaeschke RZ, Moayyedi P, Cook DJ. Proton pump
inhibitors versus histamine 2 receptor antagonists for stress ulcer
prophylaxis in critically ill patients: a systematic review and meta-analysis.
Crit Care Med. 2013;41:693–705.
18. Krag M, Perner A, Wetterslev J, Møller MH. Stress ulcer prophylaxis in the
intensive care unit: is it indicated? A topical systematic review. Acta
Anaesthesiol Scand. 2013;57:835–47.
19. Lin P-C, Chang C-H, Hsu P-I, Tseng P-L, Huang Y-B. The efficacy and safety
of proton pump inhibitors vs histamine-2 receptor antagonists for stress
ulcer bleeding prophylaxis among critical care patients: a meta-analysis. Crit
Care Med. 2010;38:1197–205.
20. Plummer MP, Blaser AR, Deane AM. Stress ulceration: prevalence, pathology
and association with adverse outcomes. Crit Care. 2014;18:213.
21. Fohl AL, Regal RE. Proton pump inhibitor-associated pneumonia: not a breath
of fresh air after all? World J Gastrointest Pharmacol Ther. 2011;2:17–26.

Marker et al. Systematic Reviews (2017) 6:118

22. Baghaie AA, Mojtahedzadeh M, Levine RL, Fromm RE, Guntupalli KK,
Opekun AR. Comparison of the effect of intermittent administration and
continuous infusion of famotidine on gastric pH in critically ill patients:
results of a prospective, randomized, crossover study. Crit Care Med. 1995;
23:687–91.
23. Kantorova I, Svoboda P, Scheer P, Doubek J, Rehorkova D, Bosakova H, et al.
Stress ulcer prophylaxis in critically ill patients: a randomized controlled trial.
Hepatogastroenterology. 2004;51:757–61.
24. Pongprasobchai S, Kridkratoke S, Nopmaneejumruslers C. Proton pump
inhibitors for the prevention of stress-related mucosal disease in critically-ill
patients: a meta-analysis. J Med Assoc Thail. 2009;92:632–7.
25. Barkun AN, Bardou M, Pham CQD, Martel M. Proton pump inhibitors vs.
histamine 2 receptor antagonists for stress-related mucosal bleeding
prophylaxis in critically ill patients: a meta-analysis. Am J Gastroenterol.
2012;107:507–20. quiz 521.
26. Alshamsi F, Belley-Cote E, Cook D, Almenawer SA, Alqahtani Z, Perri D, et al.
Efficacy and safety of proton pump inhibitors for stress ulcer prophylaxis in
critically ill patients: a systematic review and meta-analysis of randomized
trials. Crit Care. 2016;20:120.
27. Krag M, Perner A, Wetterslev J, Wise MP, Hylander MM. Stress ulcer
prophylaxis versus placebo or no prophylaxis in critically ill patients: a
systematic review of randomised clinical trials with meta-analysis and trial
sequential analysis. Intensive Care Med. 2014;40:11–22.
28. Liu B, Li B, Zhang X, Fei Z, Hu S, Lin W, et al. A randomized controlled study
comparing omeprazole and cimetidine for the prophylaxis of stress-related
upper gastrointestinal bleeding in patients with intracerebral hemorrhage. J
Neurosurg. 2013;118:115–20.
29. Selvanderan SP, Summers MJ, Finnis ME, Plummer MP, Ali Abdelhamid Y,
Anderson MB, et al. Pantoprazole or Placebo for Stress Ulcer Prophylaxis
(POP-UP). Crit Care Med. 2016;44:1.
30. Lin C-C, Hsu Y-L, Chung C-S, Lee T-H. Stress ulcer prophylaxis in patients
being weaned from the ventilator in a respiratory care center: a randomized
control trial. J Formos Med Assoc. 2016;115:19–24.
31. Krag M, Perner A, Wetterslev J, Wise MP, Borthwick M, Bendel S, et al. Stress
ulcer prophylaxis in the intensive care unit: an international survey of 97
units in 11 countries. Acta Anaesthesiol Scand. 2015;59:576–85.
32. Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0 [updated March 2011]. In: The Cochrane
Collaboration. 2011. Table 7.7.a: Formulae for combining groups.
33. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate health care interventions: explanation and
elaboration. PLoS Med. 2009;6:e1000100.
34. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349:g7647.
35. International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use. Integrated Addendum To
ICH E6 (R1): Guideline for Good Clinical Practice. 2015. p. 2.
36. Jakobsen JC, Wetterslev J, Winkel P, Lange T, Gluud C. Thresholds for
statistical and clinical significance in systematic reviews with meta-analytic
methods. BMC Med Res Methodol. 2014;14:120.
37. Harbord RM, Egger M, Sterne JAC. A modified test for small-study effects in
meta-analyses of controlled trials with binary endpoints. Stat Med. 2006;25:
3443–57.
38. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. Br Med J. 1997;315:629–34.
39. Begg CB, Mazumdar M. Operating characteristics of a bank correlation test
for publication bias. Biometrics. 1994;50:1088–101.
40. Copenhagen Trial Unit. TSA—trial sequential analysis [Computer program
on www.ctu.dk/tsa/]. 2011. Accessed 15 June 2017.
41. Imberger G, Thorlund K, Gluud C, Wetterslev J. False-positive findings in
Cochrane meta-analyses with and without application of trial sequential
analysis: an empirical review. BMJ Open. 2016;6:e011890.
42. Thorlund K, Engstrøm J, Wetterslev J, Brok G, Imberger C, Gluud C.
Copenhagen Trial Unit, Centre for Clinical Intervention Research. User
manual for trial sequential analysis (TSA) [User manual on www.ctu.dk/tsa/
files/tsa_manual.pdf]. 2011.
43. Brok J, Thorlund K, Gluud C, Wetterslev J. Trial sequential analysis reveals
insufficient information size and potentially false positive results in many
meta-analyses. J Clin Epidemiol. 2008;61:763–9.

Page 8 of 8

44. Brok J, Thorlund K, Wetterslev J, Gluud C. Apparently conclusive meta-analyses
may be inconclusive—trial sequential analysis adjustment of random error risk
due to repetitive testing of accumulating data in apparently conclusive
neonatal meta-analyses. Int J Epidemiol. 2009;38:287–98.
45. Imberger G, Gluud C, Boylan J, Wetterslev J. Systematic reviews of
anesthesiologic interventions reported as statistically significant: problems with
power, precision, and type 1 error protection. Anesth Analg. 2015;121:1611–22.
46. Mascha EJ. Alpha, beta, meta: guidelines for assessing power and type I
error in meta-analyses. Anesth Analg. 2015;121:1430–3.
47. Pogue JM, Yusuf S. Cumulating evidence from randomized trials: utilizing
sequential monitoring boundaries for cumulative meta-analysis. Control Clin
Trials. 1997;18:580–93.
48. Thorlund K, Devereaux PJ, Wetterslev J, Guyatt G, Ioannidis JPA, Thabane L,
et al. Can trial sequential monitoring boundaries reduce spurious inferences
from meta-analyses? Int J Epidemiol. 2009;38:276–86.
49. Wetterslev J, Thorlund K, Brok J, Gluud C. Trial sequential analysis may
establish when firm evidence is reached in cumulative meta-analysis. J Clin
Epidemiol. 2008;61:64–75.
50. Terkawi AS, Mavridis D, Flood P, Wetterslev J, Terkawi RS, Bin Abdulhak AA,
et al. Does ondansetron modify sympathectomy due to subarachnoid
anesthesia? Anesthesiology. 2016;124:1.
51. Kulinskaya E, Wood J. Trial sequential methods for meta-analysis. Res Synth
Methods. 2014;5:212–20.
52. Wetterslev J, Thorlund K, Brok J, Gluud C. Estimating required information
size by quantifying diversity in random-effects model meta-analyses. BMC
Med Res Methodol. 2009;9:86.
53. Turner RM, Bird SM, Higgins JPT. The impact of study size on meta-analyses:
examination of underpowered studies in Cochrane reviews. PLoS One. 2013;8.
54. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading
quality of evidence and strength of recommendations. BMJ. 2004;328:1490.
55. Møller MH. Stress Ulcer Prophylaxis in the Intensive Care Unit (SUP-ICU).
Available http://www.clinicaltrials.gov/ct2/show/NCT02467621. Accessed 10
Jan 2017.
56. Re-evaluating the inhibition of stress erosions: gastrointestinal bleeding
prophylaxis in ICU (REVISE). Available http://www.clinicaltrials.gov/ct2/show/
study/NCT02290327. Accessed 10 Jan 2017.
57. ANZICS. PEPTIC trial: CTG study number 1415–01. Available http://www.
anzics.com.au/Lists/CTGResearch/AllItems.aspx. Accessed 10 Jan 2017.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

